An early 60s-year-old man suffered reversible dysfunction of the blood-brain barrier (BBB) induced by repeated injection of contrast medium during coil embolization of intracranial unruptured aneurysm. He presented with convulsion during coil embolization, and neurological symptoms of aphasia and right hemiparesis continued for 5 days, and then improved completely. All transient radiological abnormalities were limited to the territory of the left internal carotid artery, where contrast medium was injected repeatedly. Repeated computed tomography, magnetic resonance imaging, single-photon emission computed tomography, and cerebrospinal fluid test findings indicated that temporary dysfunction of the BBB might have occurred. Dysfunction of the BBB in the anterior circulation induced by contrast medium is rare. Tolerance to toxicity of contrast medium may depend on the individual patient, and repeated injection of contrast medium may cause dysfunction of the BBB, leading to toxic dysfunction directly in the brain.
Introduction
Contrast medium is known to carry the risk of inducing dysfunction of the blood-brain barrier (BBB) in posterior circulation after coil embolization, [3] [4] [5] but few cases in the anterior circulation have been confirmed by computed tomography (CT), magnetic resonance (MR) imaging, and single-photon emission computed tomography. 8) We report an unusual case of a patient with probable dysfunction of the BBB induced by repeated injection of contrast medium.
Case Report
An early 60s-year-old man underwent brain check with MR imaging, which showed an intracranial unruptured aneurysm. There was no history of allergic reactions to contrast medium. He underwent cerebral angiography, which demonstrated a saccular aneurysm (9 × 9 × 7 mm) in the anterior communicating artery (Fig. 1A) . Coil embolization was started under local anesthesia and left internal carotid angiography was repeated. Systemic convulsion occurred during injection of a total of 72 ml iopamidol (300 mg/ml) into the left internal carotid artery (ICA). Left internal carotid angiography just after ictus demonstrated neither intracranial artery occlusion nor angiographic aneurysm rupture. Therefore, coil embolization was continued and completed under sedation. After all the procedures were completed (Fig. 1B) , a total of 120 ml iopamidol was injected into the left ICA over 2 hours. CT immediately after the procedures showed neither intracerebral hemorrhage nor subarachnoid hemorrhage, but demonstrated moderate enhancement in the territory Neurol Med Chir (Tokyo) 53, January, 2013
Repeated Injection of Contrast Medium Inducing BBB Dysfunction of the bilateral anterior cerebral arteries and the left middle cerebral artery, i.e., in the territory of the left ICA ( Fig.  2A) . His level of consciousness continued to be disturbed after the procedures. Some inflammatory changes may have occurred, so methylprednisolone pulse therapy and antiepileptic drug administration were started.
Diffusion-weighted imaging 20 hours after the procedures showed high intensity in the territory of the left ICA (Fig. 2B) . The apparent diffusion coefficient map displayed no low or high intensity in the territory of the left ICA (Fig. 2C) . MR angiography showed no intracranial artery occlusion. Perfusion-weighted imaging demonstrated normal blood flow in the territory of the left ICA (Fig. 3) . Technetium-99m ethyl cysteinate dimer single-photon emission computed tomography 27 hours after the procedures showed reduced or impaired uptake of radioisotopes in the territory of the left ICA (Fig. 4) . Cerebrospinal fluid (CSF) tap test about 24 hours after the procedures showed the CSF pressure was elevated (25 cmH 2 O) and found pleocytosis (cell 7/mm 3 , polymorphonuclear cell 6/mm 3 ). Disturbed level of consciousness and right hemiparesis continued for 5 days following the procedures but improved completely within 7 days. CT, diffusion-weighted imaging, single-photon emission computed tomography, and CSF tap test were performed again and showed no abnormal findings.
Discussion
All transient radiological abnormalities in our case were limited to the territory of the left ICA, where contrast medium was injected repeatedly. Just after coil embolization, CT showed extensive enhancement in the territory of the left ICA, indicating that the BBB had allowed leakage of the contrast medium. Diffusion-weighted imaging showed extensive high intensity, single-photon emission computed tomography showed reduced uptake of radioisotopes in the same territory, and the CSF tap test indicated abnormal findings, suggesting that neuronal edema might have occurred, resulting in dysfunction or disruption of neurons. These abnormal findings cannot be explained by status epilepticus since perfusion-weighted imaging often shows increase at the ictus focus, even though diffusion-weighted imaging often shows cortical high intensity in patients with status epilepticus. 7) In addition, the findings cannot be explained by extensive cerebral infarcts since no occlusion of any branches of the left ICA was detected and perfusion-weighted imaging demonstrated normal intravascular blood flow in its territory. Considering all findings, toxic encephalopathy caused by the contrast medium might have occurred in the territory where contrast medium was injected repeatedly. Contrast medium might induce dysfunction of the BBB, increase the permeability of the BBB, pass through the BBB, and cause toxic changes directly in the brain. 9 ) If the toxicity is too high, changes in the brain may be irreversible. 4, 5) We cannot explain why the convulsion occurred during the procedures. Indeed, abandoning the procedures and performing immediate CT to confirm absence of intracranial hemorrhage might be an option, but partial embolization of the aneurysm might also lead to aneurysm rupture or parent artery occlusion, and will probably limit subsequent treatment. Left internal carotid angiography Neurol Med Chir (Tokyo) 53, January, 2013
just after ictus demonstrated neither intracranial artery occlusion nor angiographic aneurysm rupture, and the ictus stopped after injection of diazepam. Therefore, after controlling the ictus, we continued and completed all procedures within 2.5 hours. Switching treatment from embolization to clipping seemed dangerous because we had no idea of why the convulsion occurred. Convulsion, disturbance of consciousness level, and cortical blindness are known just after CT or angiography. [1] [2] [3] 6) However, why contrast medium causes these complications remains unknown. In cases of systemic administration of contrast medium (350 or 370 mg/ml), a total of 300 to 400 ml contrast medium was administered within a few minutes, 2) whereas in cases of coil embolization, a total of 50 to 300 ml contrast medium (300 mg/ml) was injected selectively within a few hours. [3] [4] [5] In cases of systemic administration, 300 ml or more contrast medium may be the threshold level of toxicity, whereas in cases of intracranial selective injection, a smaller volume may cause toxicity for the BBB, although the toxic tolerance of the BBB depends on the individual patient. 8) Therefore, the range to cause toxicity is from 50 ml to 300 ml of contrast medium. In our case, administration of only 72 ml of contrast medium was sufficient to cause toxicity, dysfunction of the BBB, and changes in the brain. 4, 8) This unusual case of contrast medium inducing dysfunction of the BBB in the anterior circulation during coil embolization of an intracranial unruptured aneurysm was confirmed by repeated CT, MR imaging, and single-photon emission computed tomography. Tolerance to toxicity of contrast medium probably depends on the individual patient, but repeated injection of contrast medium may cause dysfunction of the BBB, pass through the BBB, and lead to toxic changes directly in the brain.
